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Effects of Waterhyacinth Cover on Water Chemistry, Phytoplankton, and Fish in Ponds1 

Charles Mck'ea 2,3 and Claude E. Boyd 2 

ABSTRACT 


Waterhyacinth [Eichhornia crassipes (Mort.) Solms] cover of 0,
5, 10, or 25% surface was established in fertilized ponds stocked 
with the fish, Tilapia aurea (Steindachner), at Auburn, Alabama. 
Measurements of water chemistry, phytoplankton density, and fish 
production were made during the 1973 growing season,

Phytoplankton production was less in ponds with 10 and 25% 
cover by waterhyacinth than in ponds with 0 and 5% cover. Com-

petition of waterhyacinth with phytoplankton involved shading 
and removal of phosphorus from the water. 

Concentrations of dissolved oxygen were lowest in ponds with 
25% cover, but oxygen tensions in all ponds were adequate for 
survival and growth of fish. 

Reduction inphytoplankton growth inponds with 10 and 25% 
cover resulted in much lower fish production. The presence of 5% 
cover by waterhyacinth did not significantly affect fish production. 

Additional Index Words: aquatic weeds, plant competition. 

Catistro)phlic CotlsC(lttlnccs of ralll);alt 1,vroth for Eich-htorni cr.
crassi/ws ( r h) in fresh-(Mart.) Solps (waterhaci i 

watler hatbitats are wvell knonvii, Extensive slan(s of water-
hyacinth impede navigation, interfere with hydroelectric 

generation, reduce flow illdrainage and Irrigation canals, 

ause floods, and harbor insect vectors of human and 
animal diseases ( 1 19, 22, 24). Water losses are greater 
front surfaces covered by vatcrhyacinth because of high
rates of evapotranspiration (7, 14, 19, 22, 27). Water­
hyacinths also interfere with fish production and fishing
(13, 16). Cover by waterhlyacirith decreases phytoplank­
ton proluctiun by shading and thereby re(lICeS the food
bo r production ( , 11, 13r eeth 
base for fish production (4, 11, 13, 15). Water beneath 
tiats of wvatrhyacinth usually has Ow oxygen Ctension 
and is an unfavorable habitat for fish (16). 1lowevcr, the 
a ol Of C'VCr 1y watrhyacinth necessary fr adyo-se 
effects on fish produciton is not known. 

The present investigttion concerns the effect of various 

'Research supported by Hatch Project Alabama No. 287 ann 
Project AID/csd 2780 to the International Center for Aquaculture,
Auburn University. Received 10 Dec. 1974.

2Graduate Student and Associate Professor, respectively, De­partment of Fisheries and Allied Aquacultures, Auburn Utniversity,
Aburn, Al. 36830.3Present address, National Marine Fisheries Service, Southeast 
Fisheries Center, Pascagoula Laboratory, P. 0. Drawer 1207, 
Pascagoula, MS "39567. 
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ph)tJlalltlk [Ill pi',ttCil ot,I atnld .. . . - -... ­'l cr quality. I 

MATERIALS AND METHODS 

Irectimeni repilic-ation and cuntrcl was achieved fly0.l).t-ha ponds at the use of I'isheries Research Unit, Auburn University,A uburn, AlIa. Depths of watter averaged 0.9 in and varied from 0.3 innear edges to 1.5 imat the deepest points. Wa terhyaciith wastaimned within bouyant 
con-

rc tangular franes made of 5 1-cn poly.-
vinylchlloride pipe an I attached to metal posts in center of pinds(29). These ell(losures mneasurcd 3.1 8m I)),6.36 in,-1.50 in ly 9.110in, and 7.122 I , 1Ib4.2 1 in to correspond ito5, 10, ;ind25'% of 

Table 1-Total dry matter production and N and P uptake bywaterhvacinth at three levels of cover in 0.04-ha ponds 

C:.icer I. 
Nutircii Ujcaki 

wai1rhy,llj-iicr1 trilprioduioiin Nitrogei Pi.sihriu 
18/cci~ll kg/rntliir,-* _ 

K . I.a 09bA10 5a 9.8,.377 21. 1-
Viluri icicig 1li-ii li, Ier ciiadi (iluncc inrciii siiifiatiitl- dil rcin at tcber-el, c c,Ij ,I!nh by thii)can' Mulip R ai t cs.l 


Table 2 
-Averages for pH and concentrations of soluble inorganic P,total P, nitrate, and chemical oxygen demand (COD) in waters of0.04-ha ponds with four different levels of waterhyacinth cover 

Pr, ecil 

ili-iil l ly~.iillh 17 May 15.luine13.1tuly3.I 17 Aug. 7 Srpc.Aug. 
0 8.3, th .hi), 7.8,i1).1a5 S.7,8.8.I 7.31, l.7a 9. 1.,

7.31, 9.
I, 8.1, 
l0 M.2cii 725 7.51 7.1b 8.tb 7.01, 7.-,.51i 7.917.-, 6.8h 7.01, 7.ch" 

p(n)P 
 ( 0.07a 0.01a 0.06., 0.0ta 0.06a O.08a
i(i " a0.0. 0.i (.a 0l.1 .a0ta 0.cc-c 
25 
 0.12j 0.0ca0.01a 
 0.0i1cA 0.0a 0.011,
Ttal I' i 0.20a 0.1 5a 0 i.2i 1).l, 0(Ing/lter) 2 c.:. 0.32A5 0.1 la 0.tlC I. (,a 0.0il, c.27,i, .'21h 
1I0 . l 15a 0.9a 0.17a 0.061, cc.11)c cc.131)c
25 0c.c2a 0.02a 0i.c la 0I.c2, 0).17, 0.12,N0)3N 
 0 (0.17a 0.194(li/Iiler) 5 0l..29a 0.1 91. 0.0 4a 0.0 Ia0.17a I). 1S.c li(.1 0.2a 0.0)8 a .02A1ll 024a 0,9iai (.1 0.08 ccila 0.01t25 ().26a 0.13a 0c.26a (.0l 9 

A. 0.e2a0.01a 
COl 0 13.a 213.9a 19.6j .i.l .a 30.7a 
(mg/li trI 2 55 2( 0.9 21.2a 7a .6 a .15.7Ii 15,AA I.-a i a 30.9.1a.3a 34.8a 18.91,25 14.6a 13.7A 26.5a 33.i.j 11.31 

4 Valueshiciing ile %int ltterin cacti tilum5% leve. rcr not sigiificantly differnic c h 

Table 3 
-Average concentrations of dissolved oxygen on selecteddates in waters uf 0.04-ha ponds with four different levels 

of waterhyacinth cover 

I'rici tcuer by waterhyacinth 
liaie cc $ 
 le 


25J i ly 9liOl a 7 730 July 0.a 97. d . a8.5.a 7.i .4a 5.5a 
i Anig. 7I.Aug. S-Il, 7.8a9.1a .0a 5.2ASt.4, 7.8) 5.5.717Aug. 8.3ac .1a .6ia 6.01, 

Valhwec li.miig tie i incr leter ic ratil icc'. ific.tlficail. diferenici ti 7.lieccl 
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I... ..it, I' p It o I ly. I I re re t lic ali hi s o 0 , 5), I ), a dul 25 %(over Icy waerlyac.inili wverc r.idconl\,. ,ssign'd to 111, 12 poinds.Small vaterhyaci;th plants were tdainecdChat taioocheet, Florida, on 
Irunt lacke Seminolt.,

Iilaied in , concrelt tank and
22 April 19 73. These illants wer.fish eggs oil roots killed by applicai­

lion ofroeoice. On I May 1973, 5()0, 7.511, and 1,250 planisstoikt'd in 5. were10, and 251'"enclosures. resIpectivelv.
Sixteen .Iplications of 1.1 
 kg aniiomin nitrit i.- NI a0.8 kg triplesuperphispliate (22' P) were brocast over pondsat2-week inlervals between 5 February and 9 Sepj'phenlhr 1973. One­hundred iilapi actric, (5-I 2 im long) were stlocked in each pond
on -4April 1973. 

S tanding cr)ps if w ltIrhyvachilis w%-credetrminnied periodicallyby harvesting 0.25 In'quadrats (6). Plant saminples for tissiue anaily.sis were dried to constant weight atmill to 80C and pulverized in a Wileypass i screen sith 0.42-inn ocipnhigs.were by the inicro-Kjeldalhl technique Nitrcogen ain;clyses2(). The vancicdonl~lutliidphosphoric acid method was isecf io lermei' l ihosphocrus hi 0.5.N 
Water samplesnitric acid cx tratsC forlif1)11Idhenical,tcsli ( 12aind). philiycplalklon cialysescbtained werewith I 9(I-cccc water coluin sallipler (5). Samplesisere 

colleeccel wsithi 2 h2iirs if sucrise fromin deep ends if ponds, Pro­cedures of tce Aimcericani Public ilecltlh Assmcidtiin (I) were ised 
for a1ll.VSts 
oif tiital alkclinity, total hard'ness,o(riIIItrlho)hiislh-t Iitrate, soluble, totil plhoshlorus, and clheillical o0XgI dt'ileiail.
A lasselectrodeterminations vere 

was used to Imcceasure pnide betwcen l. isiclvecdI xge iIt­0800 aniid 09(00 hiours atldeptlhs lf0, 0.5, and 1.0 ii wsillia polarograp icoxyge n Ieter. Phllpl ­nacc 

tIn wias renived from stier hbyfiltratioi tlhrougl i 0.15-p inilli­pore filter. Cllcrliopll a ais etiriclte(l fron plhyliplc nkihi911% .iceloleand measurcd ih

spectrophit(niric;illy (28). Phyti­planktoin cic)lcentralted by ceitrifugatic seis ciunled in a Sedgwick. 
Rafter clihaciber inder I iltii-rcsC-ope filtted n itroi t 

with i Whiipple disk(IrI ).Ponds vere drained cnd fish harvested bet 'nsci
28 Sept. and 5Oct. 1973. 

RESULTS AND DISCUSSION 

Production of Waterhyacinth 

The initial stock cf' plants filled only about one-third ofthe space itlnecloisu_res. Ve,etatie rep rc cdUCliclltn f)Ileals ifofisels was rapid antd byciostures vci'c eatly ,lintteall ell­filled \vith stiall plants. Gr(iwI ctntuiued
 
t h 
 t.
 
sa ghr(tt Salt 
 tha rlat)llieased in height erutk 
nitrogen and phoyiorus vere rclati\elt ufil'ccrm lhrcitgh­out the study. .\lthtough there wereinproluction of'watertvaci-l ItI 

no grtat diffcrentccspet tint arta illcil'-csures
 
of differectit 
 sizes, the iccl prouctinciral of' Walerhyacihti 

-
increased with potilation size (Tafle I). Pcsttds \vili 25%COVtccr )roduccd roughly ftittr tiinCs nccre \vatcrhyacinlh
 

y veigtt fcal ltt(Is wi 5% cover atnd
tlan pcids t nes ttncirewith 10% cciver. Reintc-al of' nitlrgen and
 
pIho s)fho r 
us 'I"()111f
i t(ni(w aterwith a1in1ttt1. \was co rre ited poisitiv elyof cove- I)v vaterhya-ittli (Tafife 1). Th.eobservatiot that waterhyacit i inc-csures abscrbed 
largea t o to nd h os corrobrratelairge(. ailtllls f' a urorscofntitro!.lt
 

n ;iitdllh15sllhccrus cdi1rr(i[)(niratCs
 
clains that 
 this species ccould ibe cultivated ( renlove
Itf, and phosphorlus
nitrogen
wWvate. frcin excessively eittrclplhic(4, 14, 23, 25, 30). 

Water Chemistry 

Exlperiinental litnts ccotntained sol't vateralkaTlioiy. o'.5 ii lcow
Ing/
 

, atil alkalitlil v'ariedl frccm)n i 6tc21liter and total hardnless front 4.6 tt 16.4 tg
ng/it lr ill plon(s(If' aricous Irealmenls. 'I'hrt %ws no ohviccis differenc 

http:ntitro!.lt


Table 4--Estimate of phytoplankton production by three techniques in waters of 0.04-ha ponds with four different levels of 
waterhyacinth cover 

Pert nl t 	 '.¢'rIJ Date 

Doterminition 	 wmerhya, inth 17 M.i, 15Junr 33July I Aug 17 Aug. 	 7 S elt 

Ser'hi disk visibility(m) 	 II 1.20., 0.42, 0.554 0.384 	 0.38., 0.1.-,. 
5 0.70.1, 0.72,3, 0.584 0.781, 0.33M,, 
3( 0.62a, .8l83. 0.82 j, I. 12 1.2:3 .hht. 
25 0.4111, 1.17, 1.171, 1.28, 1 2,, 1.1h, 

Chlorophyll a (lpg/liirr) 0 9.5.. 83.3.1 65.4a 74.3 77.4., 128.9. 
5 1 7.2a 19.61, 68.5a 46.6,3, 55.91 68.(i4 1, 
10 14.6a 26.13 4(0.6 23.51, 27 3hq 42.53, 
'25 5.74 7.6b 17.1, 16.73, 37.83. 26.71, 

Phytolplankinn (N.../ml X 10 
1 
) 0 12.24 	 H L3., :17.9.1 

5 5.53, 8.71. 19.2a 
lit .t.21 5.33, 7.11 

'5 	 3.6h 2.93. 6.0i3 

Values h.aving thes.a e in CALh signifh .nilly (Ihe 51',letter 	 1olmn .re notl diferent at level. 

in hardness and alkalinityl lietween treatimelnts, but in all Phytoplanktorn Production 
ponds tl]ieCrc was it .gradlia increase in total hardness fr(In 
ca'lnCiil1l illtr ucc(Id triplIC supoerp)hI 0SIphate. None of the three methods of estinating phytoplank­ill 

inbt(lance give true 

(0% cover) and lowest ill poilnds with I0 and 25% cover mass and correlations belwcell estinlnates ily tile dlifferenlt
 
(Table 2). 1)ifferences in 1)l1 were related to different nmetlh(Iods are weaok (8, 15, 20). llowcver, examined 


Values for 1)llwere niornally highest in control ponds (atoll a ieasure of phytoiplanlkton bio­

cit­
rates of removal (If carlIln lioxide by phyto1plal3kiol3 lectively, inealls and slalistical alialyses of' estimates (f
 
during photosynthesis as evident from the positive rola- plltoplankton abuidalce 
 suggest (i) althiougl vahties 
tionship Iletween plI (Fable 2) and phytoplankton abtindI- were iormally grciltest in control ponds, differences ill 
ance isestinated bv tllrcc Inellods (Table -4). values for ponfds \WithtJ and 5% liover wcre of'ten 1lotsig-

Colncenlratioils of soluble oIrthlophiosphate in vaters (If tficri ll (ii) ponds with 10 and 25% cover produced( 
valious treatments differed significantly only I(n 7 Sept. markedly less phytoplanklon tilan pondis with 0 and 5% 
(Table 2). Oil Atgist and Seplember san(lihg dates, coser; and (iii) the magnitude (If p)lytopllakti((n prolduc­
total phosphorus concenltratiolls generally Icrased in tion was similar in pondis with 1( and 25% cover. 
order of increasing \vate.lhyacinith cover (fIable 2). leise \Vat ertlyacinth coplnetcd with ph toiplilankton fcr light 
differences were related to greaiter p)'ytoplankton hionlass b shading 5, 10, or 25% of the ponid surfaces. Cover biy 
and constituent )IlosphoruIs ill p1il0(S with less cover, watcrhy'acinth also rCsuhltcd ilngrealter remoala of litro gen 
Nitrate concentrations lid not (lifTer with trcatllen and phosphorus from the waiter. Each pond exhibited a 
(Table 2). Plants (phytoplankton, waterhyacinth, or high degree of1individualitV and c0ItcIlitralions If Illtri­
both) absorbed considerable quantities (If nitrogeln and ents and phytoplankton lldrlctiIll V,ried grcaitl' lbe­

ph1osphoilrus. ConsideraleIt p hosphorus Wis lost to adslrp- tween ponds Withill ei l tieatiil'l oil ecthi dale. Ih cre­
tion b) miuds (10) and somne nitrogen w;is lost it),detiitri- fore, colcelltrations of nlitratc, s(olublc orthophlosphtc, 
fication ill muds (3, 21) and itlllollni. volatilization (2 1). 

Chemical oxygen demniid (COt)) was similar for waters 100 
of dl poIIs ill May, June, anld July (Table 2). Apparent 
differences ill COD values were not significant (oi17 Aig. 
but o1 7 Sept. wa ter from ponds vith 0 and 5% Scover had so 
greater COD values thln those fron ponds with 10 and 0
25% cover. These differences also reflect plytoplanX toll 
abundance. 
 60
 

lor brevity only a few selected, but representative, 4 
data on dissolvcd oxygen tonceltrationsi are presented _ 
(Table 3). Variations ill oxygetn concent trations of' differ- _ 40 

ent ponds withint a particunlar trCatllCll allw'ere great 	Onlt 
dates. Ilo( eer, averages for treatnments generally d- a 
clinel with increasing waterh-vacinli cover and oi two 09 20 0.76 
dates dissolved (oxygcen to mcnl trat iOilS sverr significantly S 
lower alt25(, co'ci thlan in olther treatlmntls ('able 3). 
Losser 0xVgtii tItlsitIns resl1lielfd fromh rdIt(-Ced ritcs If 0 

plotosyntlhesis 	inpoidls swith 25(% covier. Oxygen (feter- 0 0.02 0.04 0.06 0.0 0.1 
ssre illillillatiolns illaide early mhlorliIng tWheti c(lintreltid- P04 - P (M/ L 

dls T11"tn I' CITrfore, t25'% cover I)I' Fig. 1-Relationship between seasonal averages for soluble inorganiclually los'st. 1) to 
willerhlyacitlll (fill no catIse (algerously low (Ixygell P concentrations and chlorophyll a in 12, 0.04-ha ponds. (r = 
tensions aind tlhreatei fish sur'i\al. 0.76; P <0.01). 
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Table 5-Average net production of fish, Tilapia aurea, in 0.04-ha 
ponds with four different levels of waterhyacinth covei 

C 	 rr iv 
waterhl,inth 


(I 
s 

I0 

\Valueshvgig h. sinth ltterart'.Tw 

itildchloroplhtll a lit- c(ach 

lpr....imit. ,1 
llapia,,,,,, 


'kgtn.. 


9t1',. 
s-,w 
.ttt, 
2 	 ,11, 

gi fitl, idith rii i hi'iT- leel. 

samplittg ii tcs. Regression ii tif'ilils Iwt\\'Cet hri-it-
phyll a 01inCcl11i. (d ad l slithdlc ()tll()<-;111( oi<ns llitllitc 

phosplhatte werc otniiitd. Clhir)phyll a cmitoeIttl'raiitl 
ill thu( 12 ponds wclr, it rclateud tli s'arititns ill itr tC 
i'li lltlratiiils (t = 0. 15; P > 0.05). lh t'Itwas ;lOi1Siti% 


,lrrcl~lionl ])te~tw l tit~lt'lrll.lil~ls mllstiihi Ctl-thtis-~ 

phlc ald choropli\-l a (Fig. I). This tllionship sgt-

gcSts th;t rIt' al ii j)liishiirus \y'atlcrvacitltl i-c
hii 
 m .th 


pyl~itplan i ithis 

fectvl their gitrivll. lthcpissilility that sulstaties 1(ix[c 
to Jhylbl)lanklon were excreted by w'ticrliacinth itld
tlt)l li tested IW the cxperiicitil design. 

privt-d i tlittriel;ittand aidversely :ll-

Fish Production 

I'l-mlriodlcth Tilapia aurta was appreci-()f not retuced 
;tbly by 5% cover with waterhyacith (l'able 5), btll 10 
or 25% 'waIeltrhacinthcover reduhce! fish p rodtClioit I)\-aboutt 50% of pr I n )iffrentccs ilodlctio control poinds, 

fish i)rO(Ituctiotl exhibited the Same gellttt relationship tl 
trelllllt iasdid phyloplanklon productin. McBav (I 7) 
reported that 7. aurea led primarily oti phyloplakto. 
Thcreforc, waterhyvaciih affected fish productiot in-
lire(:tly throtgh ctll titiot) with plytoplutikton. Other 

workers have demonstratcd a direct rclltionship between 
phyttp)lankton production and the production of fish 
(9, 18, 26i). 
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